High blood pressure is the largest single risk factor for premature death. As it is known, some patients with hypertension require two or more antihypertensive drugs with complementary mechanisms of action to lower their blood pressure. The angiotensin II type 1-receptor antagonist valsartan and the diuretic hydrochlorothiazide ( Fig. 1) are two antihypertensive agents with well recognised clinical efficacy. Oral administration of valsartan with hydrochlorothiazide has been found to be more effective than either drug alone in the treatment of hypertension in patients whose blood pressure is not Calibration matrices contained 0.5-3 µg mL -1 of both valsartan and hydrochlorothiazide. The standard error of prediction (SEP) for valsartan and hydrochlorothiazide was 0.020 and 0.038 mg mL -1 , respectively. Both proposed methods were successfully applied to the determination of valsartan and hydrochlorothiazide in several synthetic and real matrix samples.
based on the principles of dual wavelength spectrophotometry and the standard addition method. The greatest advantage of HPSAM is that it can remove the errors resulting from other components in the system. The requirement for the application of the method is that of the two wavelengths, the analytical signal due to one of the species is constant and that of the other as different as possible. By plotting the analytical signal against the added analyte concentration, two straight lines are obtained that have a common point with coordinates H (-C H , A H ), where -C H is the unknown analyte concentration and A H the analytical signal due to the interfering species (20) . This paper reports the simultaneous spectrophotometric determination of valsartan and hydrochlorothiazide. The H-point standard addition method and partial least squares were employed for the resolution of binary mixtures of valsartan and hydrochlorothiazide. These methods are based on a solid mathematical and statistical background. The fundamental advantages of our investigated methods are a simultaneous analysis of binary mixture components without any chemical pre-treatment and lasting a short period of time, as well as no high costs and no complex instruments.
EXPERIMENTAL

Apparatus and software
A Perkin Elmer (Lambda 25, USA), spectrophotometer controlled by a computer and equipped with a 1-cm pathlength quartz cell was used for UV-VIS spectra acquisition. The computations were made with Microsoft Excel and Matlab 7.2 Software (Mathworks Limited). PLS calculations were carried out using the PLS Toolbox 5.0 demo version (Eigen Vector Technologies).
Commercial products
The commercial pharmaceutical product Valent-H (Lupin Ltd, India) containing 80 mg valsartan and 12.5 mg hydrochlorothiazide per tablet was analyzed using the proposed methods.
Standard and sample solutions
Standard solutions. -Standard stock solutions (1000 mg mL -1 ) of valsartan (VAL) and hydrochlorothiazide (HCZ) were prepared separately in 0.05 mol L -1 NaOH. The solutions were kept at room temperature. Various aliquots of standard solutions were taken, and then diluted to 10.0 mL with water to give the desired final analyte concentration.
Sample preparation. -For preparation of commercial samples, 20 tablets were accurately weighed and powdered in a mortar. An amount equivalent to one tablet containing VAL and HCZ was dissolved in a 100 mL calibration flask in 0.05 mol L -1 NaOH. The content of the flask was mechanically shaken for 30 min and filtered through a 0.45-mm membrane filter. The obtained solution was diluted to the working concentration range. Appropiate volumes of standard stock solutions of VAL and HCZ at three different con-centration levels (1.0, 2.0 and 3.0 mg mL -1 VAL and 0.5, 1.5 and 2.5 mg mL -1 HCZ) were added to the analyzed tablet solutions, respectively, for recovery studies. This procedure was repeated six times for each concentration level.
Individual calibrations. -To verify Beer's law, calibration graphs were prepared for the determination of valsartan and hydrochlorothiazide (Table I ). The correlation coefficients obtained indicate that the interaction between the two binary systems does not affect the linear correlation prevailing between the absorbance and concentration of each drug. The limit of detection (LOD) was determined using the formula: LOD = kSD a /b where k = 3.3, SD a is the standard deviation of the intercept, and b is the slope.
H-point standard addition method
Synthetic samples containing different concentration ratios of VAL and HCZ were prepared and standard additions of VAL were made; then absorbances were measured at 216 and 228 nm. Concentrations of VAL and HCZ were obtained by construction of H-point graphs (Fig. 3) . The concentration of VAL was obtained from C H . HCZ concentration was evaluated from the calibration curve constructed by plotting A H (analytical signal due to interferent) vs. HCZ concentration.
PLS calibration
Calibration and prediction sets were designed with 25 and 10 binary mixtures of the cited drugs, respectively. Concentrations of VAL and HCZ in calibration and prediction solutions were in the range of 0.5-3.0 mg mL -1 . Each calibration or prediction mixture was prepared by diluting the appropriate aliquot of stock solution with distilled water. The spectrum of each solution was recorded against the blank in the range of 200-350 nm with a wavelength interval of 1 nm as shown in Fig. 4 .
RESULTS AND DISCUSSION
Requirements for applying HPSAM
Consider an unknown sample containing an analyte X and an interferent Y. Determination of the concentration of X by HPSAM under these conditions requires selection of two wavelengths, l 1 and l 2 , at which the interfering species, Y, should have the same absorbance. Then, known amounts of X are successively added to the mixture and the resulting absorbances are measured at the two wavelengths and expressed by Eqs. (1) and (2) slopes of the standard addition calibration lines at l 1 and l 2, respectively, C i is the added concentration of analyte X. The two straight lines obtained intersect at the so-called H point [-C H , A H , (Fig. 3, Eqs. (1) and (2)].
At the H-point (C i = -C H ), Eqs. (3) and (4) follow from Eqs. (1) and (2), since A (l1) = A (l2) .
From Eq. (4), the following conclusions can be drawn: (i) if component Y is the known interferent and the analytical signal corresponding to Y, b (at l 1 ) and A' (at l 2 ) do not change with the addition of analyte X, that is, b = A' = constant, and then see Eqs. (5) - (8):
if the value of -C H is included in Eq. (1), then
and similarly A H = A'. Hence, the A H value is only related to the signal of the interfering species Y at the two selected wavelengths and C H is independent of the concentration of interfering species. Fig. 3 shows the effect of change in valsartan concentration at H-point. According to the above discussion, at H-point C H is independent of the concentration of interferent and so A H is also independent of the analyte concentration.
For selection of appropriate wavelengths for applying HPSAM, the following principles were followed. At the two selected wavelengths, the analyte signals must be linear with the concentration, and the analyte signal obtained from a mixture containing the analyte and the interferent signal should be equal to the sum of individual signals of the two species. In addition, the difference in the slopes of the two straight lines measured at two selected wavelengths, l 1 and l 2 , must be as large as possible in order to get good accuracy and sensitivity (20) . Simultaneous determination of Co(II) and Pd(II) were carried out by the complex formation with 2-pyridylazoresorcinol in the presence of sodium dodecyl sulphate. The two wavelengths were selected as 597 (l 1 ) and 650 (l 2 ), respectively.
In the current system, the analyte is valsartan and hydrochlorothiazide is the interferent. Several wavelength pairs were examined and the wavelength pair of 216 and 228 nm was selected. Under optimal conditions, determination of valsartan and hydrochlorothiazide was carried out using HPSAM. The concentration of interferent was calculated in each test solution by the calibration method with a single standard and the ordinate value of the H-point (A H ). Several synthetic mixtures with different concentration ratios of valsartan and hydrochlorothiazide were analyzed by the proposed method. The results are given in Table II. A -absorbance of the mixture at the selected wavelengths C -concentration of the interferent in mg mL -1 R -correlation coefficient
Repeatability of the HPSAM
To check the repeatability of the method, six replicate experiments of valsartan and hydrochlorothiazide were done (Table III) . Then, the concentration of interferent was calculated in each test solution by the calibration method using standard solutions and the ordinate value of the H-point (A H ). The relative standard deviations for six replicate measurements of the mixture of 4.0 and 0.8 mg mL -1 of valsartan and hydrochlorothiazide were 1.5 and 2.2 %, respectively.
PLS method
The PLS calibration method is performed by composing both concentration and absorbance matrices into latent variables, A = TP T + E and C = UQ T + F. Vector b is given as b = W (P T W) -1 Q, where W represents a weight matrix. The next step is to use the linear regression C = a + bA, where constant a has the form a = C mean -A T mean´b .
The ability of the partial least squares calibration of resolving overlapped spectra was examined by selecting calibration and prediction sets. Twenty-five binary mixtures were selected as the calibration set for model construction. For evaluation of the constructed model, a prediction set with 10 samples was selected randomly. Composition of A -absorbance of mixture at the selected wavelength C -concentration of the interferent in mg mL -1 R -correlation coefficient calibration and prediction standards is summarized in Table IV . A total of 151 data points were recorded between 200 and 350 nm. The number of latent variables (factors) was determined by the cross-validation method. The prediction error was calculated in the prediction set. This error was expressed as the prediction residual error sum of squares (PRESS). PRESS was calculated for the first latent variable, which was built by the PLS modeling in the calibration set. Then another factor was added and PRESS was calculated again. Calculations were repeated and the corresponding PRESS values were estimated. The optimum number of latent variables was 9 since it gave the minimum PRESS value for both drugs. 
Validation of the method
In case of chemometric calibrations, the ability of the calibration model is defined in various ways. The most general expression is the standard error of prediction (SEP) and standard error of calibration (SEC) given as:
where $ C denotes the added drug concentration, C i is the predicted drug concentration and n represents the total number of synthetic mixtures. SEC and SEP values were calculated and are represented in Table V .
Recovery and precision studies
Recovery results of the prediction set are given in Table VI . Accuracy and precision for the analysis of VAL and HCZ in the proposed synthetic mixtures at three different concentrations (1.0, 2.0, 3.0 mg mL -1 for VAL and 0.5, 1.5, 2.5 mg mL -1 for HCZ) were tested in intra-day (n = 6) and inter-day (n = 6) experiments. Good accuracy and precision were observed for the results obtained by PLS calibration.
The standard addition method was used to observe the selectivity of the proposed PLS method. Appropriate volumes of the standard stock solutions of VAL and HCZ at three different concentrations were added to the analyzed tablet solutions and re-analyzed by the proposed method. This procedure was repeated six times for each concentration level. The recovery results, standard deviations and relative standard deviations were calculated and are given in Table VII . 
CONCLUSIONS
The above results show that HPSAM and PLS regression allow rapid, accurate and simple resolution of valsartan and hydrochlorothiazide mixtures. HPSAM can be used in complex samples with matrix effects because the standard addition method has the capability of removing these effects. However, partial least squares regression cannot be used in these cases. On the other hand, the PLS method was more rapid than HPSAM. Therefore HPSAM is preferred in mixtures with matrix effects but PLS is better than HPSAM in mixtures without these effects. a Mean ± SD, n = 3.
